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(7) ABSTRACT

The invention provides a dielectric filter device comprising
a first electrode formed on a dielectric block for connection
to an antenna, and a second electrode formed on an upper
surface of the block for connection to a communications
device, openings of hollow bores being arranged between
the first and second electrodes to provide a filter for passing
a predetermined frequency band, a plurality of hollow bores
being arranged between the second electrode and a side
surface of the block to provide traps having a plurality of
attenuation poles. Attenuation of frequencies in the pass
band can be diminished without providing an external
circuit.
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DIELECTRIC FILTER DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to dielectric filter
devices for determining the frequency band pass character-
istics to be used in mobile communications devices or the
like.

BACKGROUND OF THE INVENTION

[0002] Tt is generally known that monoblock-type dielec-
tric filters are used in mobile communications devices for
transmitting and receiving signals, for example, in the
frequency band of hundreds of megahertz to several giga-
hertz. Mobile communications devices, such as portable
telephones, in recent years are adapted to serve a multiplicity
of functions and made more compact and lightweight, and
many monoblock-type dielectric duplexers are singly
adapted to process different transmission and receiving
frequencies for use in such devices (for example, Japanese
Patent No. 3205337).

[0003] An example of duplexer which is such a conven-
tional dielectric filter of the monoblock type will be
described with reference to FIG. 5. A dielectric block 10, for
example, of a ceramic material or the like has hollow bores
40 to 44, 49, 50. Electrically conductive layers are formed
on the outer peripheral side surface 20 of the block and the
upper surface thereof around the openings of the bores as
indicated at 33 to 39. Further provided on the upper surface
are a first electrode 30, second electrode 31 and third
electrode 32 which are separate from these conductive
layers.

[0004] As shown in FIG. 5, the bores 40, 41 are arranged
between the first electrode 30 and the second electrode 31.
The bore 49 is positioned between the second electrode 31
and the peripheral side surface. The bores 42 to 44 are
arranged between the first electrode 30 and the third elec-
trode 32. The bore 50 is positioned between the third
electrode 32 and the peripheral side surface 20. The first
electrode 30 is connected to an antenna (not shown), the
second electrode 31 to a transmitter, and the third electrode
32 to a receiver.

[0005] A band-pass filter for the desired transmission
frequency band is provided by suitably adjusting the dimen-
sions and shapes (e.g., the diameter and depth of bores, and
distance between conductive layers) of the bores 40, 41
between the first and second electrodes 30, 31 and the
conductive layers 33, 34 in the vicinity of openings of these
bores. A trap having an attenuation pole at the desired
frequency in the vicinity of the above-mentioned transmis-
sion frequency band can be provided by suitably adjusting
the dimensions and shapes of the bore 49 between the
second electrode 31 and the conductive layer on the periph-
eral side surface 20 and the conductive layer 38 in the
vicinity of opening of the bore

[0006] Similarly, a predetermined band-pass filter for the
receiving frequency band is provided by suitably adjusting
the dimensions and shapes of the bores 42 to 44 between the
first and third electrodes 30, 32 and the conductive layers 35
to 37 in the vicinity of openings of these bores. A trap having
an attenuation pole in the vicinity of the receiving frequency
band can be provided by suitably adjusting the shapes of the
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bore 50 between the third electrode 32 and the conductive
layer on the peripheral side surface and the conductive layer
39 in the vicinity of opening of the bore.

[0007] The dielectric duplexer described comprises two
dielectric filters having two systems, i.e., transmitting sys-
tem and receiving system, which use different frequencies.
Since the filters are based on the same principles of the
band-pass function and the trap function, these functions
will be described with respect to the receiving system with
reference to the filter characteristics diagrams of FIGS. 7
and 8.

[0008] FIG. 8 shows the characteristics of the band-pass
filter which is capacitance-coupled by the bores provided
between the first electrode and the third electrode and the
conductive layers in the vicinity of these bores. The shapes
of these bores and the conductive layers in the vicinity of the
openings thereof are so adjusted as to provide the desired
frequency pass band f1 to f2. Ideally, it is desirable that the
attenuation be as great as possible in the suppressing band
outside the pass band, whereas in actuality, a sharp attenu-
ation is not available at a frequency in the suppressing band
near the pass band.

[0009] In communications devices, however, it is likely
that a frequency near the pass band will also be used, for
example, for processing signals in the receiver provided
subsequent to the filter. In such a case, the receiving filter
needs to have such attenuation characteristics that in the
range of from the frequency f2 at the pass-band limit to a
frequency f4 which is used for other signal transmission or
receiving, the attenuation is at least a (dB) for example at a
frequency of f3 and at least b (dB) at the frequency 4. With
reference to FIG. 8, the attenuation of the receiving filter is
smaller than b (dB) at the frequency {4 for other use, and
there arises the problem that a sufficiently great S/N ratio is
not available.

[0010] Accordingly with the conventional filter shown in
FIG. 5, the bore 50 between the third electrode 32 and the
conductive layer on the peripheral side surface and the
conductive layer 39 near the opening of the bore are suitably
adjusted in shape to thereby provide a trap having an
attenuation pole, i.e., a great attenuation of c¢ (dB), for
example, in the vicinity of the frequency 3, and an attenu-
ation of b (dB) also at a frequency over the frequency 4
shown in FIG. 7.

[0011] This method nevertheless requires an increased
attenuation at £3, such that an attenuation occurs also near
the frequency f2 within the required pass band as indicated
at d. The same is also true of the transmission side including
the first and second electrodes 30, 31.

[0012] Inthe field of mobile communications devices such
as portable telephones, it is required in recent years that the
parts be made ever smaller. Since mobile phones need to be
highly portable as an important feature of the commercial
product and must therefore be smaller in size, it is not
desirable to provide improved filter characteristics by adding
anew circuit components to the dielectric filter described.

SUMMARY OF THE INVENTION

[0013] To overcome the foregoing problems, the present
invention provides a dielectric filter device comprising a
dielectric block generally in the form of a rectangular
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parallelepiped and having a plurality of hollow bores formed
therein and openings of the bores in an upper surface of the
block, electrically conductive layers respectively covering a
lower surface opposed to the upper surface, an outer periph-
eral side surface parallel to axes of the bores, inner periph-
eral surfaces defining the respective bores and the upper
surface around the bore openings, and a plurality of elec-
trodes separate from the conductive layers for connection to
external devices. First bore opening portions are arranged
between the first electrode formed on the upper surface or
side surface of the block and the second electrode formed on
the upper surface thereof to provide a filter for passing a
predetermined frequency band, second bore opening por-
tions being arranged between the second electrode and the
side surface of the block.

[0014] In the dielectric filter device described, the second
bore opening portions are preferably arranged perpendicular
to the direction of arrangement of the first bore opening
portions.

[0015] The invention described gives improved character-
istics to the dielectric filter without providing external
components on the filter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a perspective view showing a dielectric
filter of the present invention;

[0017] FIG. 2 is a perspective view showing a duplexer
comprising the dielectric filter of FIG. 1;

[0018] FIG. 3 is a perspective view showing another
embodiment of duplexer comprising the dielectric filter of
FIG. 1;

[0019] FIG. 4 is a perspective view showing another
embodiment of duplexes comprising the dielectric filter of
FIG. 1;

[0020] FIG. 5 is a perspective view showing a conven-
tional dielectric filter;

[0021] FIG. 6 is a graph showing the characteristics of the
dielectric filter of the invention;

[0022] FIG. 7 is a graph showing the characteristics of the
conventional dielectric filter; and

[0023] FIG. 8 is a graph showing the characteristics of the
conventional dielectric filter.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Embodiments of the present invention will be
described below with reference to FIGS. 1 to 4. The dielec-
tric filter which is the basic device of the invention com-
prises a dielectric block 1 prepared from a ceramic material
or the like and having hollow bores 40, 41, 45, 46, Con-
ductive layers are formed on the outer peripheral side
surface 20 of the block 1 and in the vicinity of openings of
the bores in the upper surface thereof as indicated at 33, 34,
51, 52. A first electrode 30 and a second electrode 31 which
are electrically separate from the conductive layers are
formed on the upper surface.

[0025] The bores 40, 41 are arranged between the first and
second electrodes 30, 31. Provided between the second
electrode 31 and the peripheral side surface are hollow bores
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45, 46 which are arranged perpendicular to the direction of
arrangement of the bores 40, 41 between the first and second
electrodes 30, 31. While the present embodiment is usable as
a transmitting filter or a receiving filter, the embodiment will
be described for use as the receiving filter.

[0026] The first electrode 30 is connected to an antenna
(not shown), and the second electrode 31 to a receiver. A
band-pass filter is provided by the bores 40, 41 arranged
between the first and second electrodes 30, 31 and the
conductive layers 33, 34 in the vicinity of the openings of the
bores. The frequencies of the desired pass band are deter-
mined by suitably adjusting the shape of the bores and the
shape of the conductive layers. The conductive layer 38 is
capacitance-coupled to the bores 40, 41 to adjust the fre-
quencies of the pass band. The bores 45, 46 between the
second electrode 31 and the conductive layer on the periph-
eral side surface 20 provide a trap for the second electrode,
near frequencies of the pass band. The near-by frequency is
determined by suitably adjusting the shape of the bores and
the shape of the conductive layers.

[0027] More preferably, the bores 45, 46 between the
second electrode 31 and the conductive layer on the periph-
eral side surface 20 are arranged perpendicular to the direc-
tion of arrangement of the bores 40, 41 between the first and
second electrodes 30, 31.

[0028] The characteristics of the dielectric filter of FIG. 1
are shown in FIG. 6. According to this embodiment, two
poles can be formed in the higher suppression band outside
the pass band as shown in FIG. 6 by providing the plurality
of bores 45, 46 between the second electrode 31 and the
conductive layer on the outer peripheral side surface. With
reference to the prior art shown in FIGS. 7 and 8, when the
characteristics required involve an attenuation of at least a
(dB) at a frequency f3 and an attenuation of at least b (dB)
at a frequency f4, there arises a need for a trap providing a
great attenuation of ¢ (dB) near the frequency {3 to cause an
undesirable attenuation at the portion d of the pass band.

[0029] However the present embodiment has two attenu-
ation poles such that a trap of al (dB) slightly greater than
the attenuation a (dB) is provided near the frequency {3, and
a trap of bl slightly grater than the attenuation b (dB) is
provided at f4 to thereby minimize the attenuation (indicated
at d in FIG. 7) due to the influence of trap in the pass band.

[0030] Furthermore, the bores 45, 46 between the second
electrode 31 and the conductive layer on the peripheral side
surface 20 are arranged perpendicular to the direction of
arrangement of the bores 40, 41 between the first and second
electrodes 30, 31, so that these bores can be provided
without increasing the size of the filter.

[0031] FIG. 2 shows a dielectric duplexer which com-
prises two dielectric filters of FIG. 1. A plurality of hollow
bores 40, 41 are arranged between a first electrode 30 and a
second electrode 31. A plurality of hollow bores 45, 46 are
arranged between the second electrode 31 and an outer
peripheral side surface. Further a plurality of hollow bores
42 to 44 are arranged between the first electrode 30 and a
third electrode 32, and a plurality of hollow bores 47, 48 are
arranged between the third electrode 32 and the outer
peripheral side surface 20.

[0032] For example, the first electrode 30 is connected to
an antenna (not shown), the second electrode 31 to a
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transmitter, and the third electrode 32 to a receiver. A
band-pass filter of the desired transmission frequency band
is provided by suitably adjusting the dimensions and shapes
(e.g., the diameter and depth of bores, and distance between
conductive layers) of the bores 40, 41 between the first and
second electrodes 30, 31 and the conductive layers 33, 34 in
the vicinity of openings of these bores and thereby providing
capacitance-coupled resonators. Traps having attenuation
poles at two desired frequencies in the vicinity of the
above-mentioned transmission frequency band can be pro-
vided by suitably adjusting the shapes of the bores 45, 46
between the second electrode 31 and the conductive layer on
the peripheral side surface 20 and the conductive layers 51,
52 in the vicinity of openings of the bores.

[0033] Similarly, a predetermined band-pass filter for the
receiving frequency band is provided by suitably adjusting
the dimensions and shapes of the bores 42 to 44 between the
first and third electrodes 30, 32 and the conductive layers 35
to 37 in the vicinity of openings of these bores. Traps having
two attenuation poles in the vicinity of the receiving fre-
quency band can be provided by suitably adjusting the
shapes of the bores 47, 48 between the third electrode 32 and
the conductive layer on the outer side surface and the
conductive layers 53, 54 in the vicinity of openings of the
bores. As is the case with the dielectric filter of FIG. 1
described, the attenuation in the transmission and receiving
pass bands can be minimized.

[0034] The device of the present invention is not limited to
the foregoing embodiments in construction but can be
modified variously within the technical scope defined in the
appended claims.

What is claimed is:

1. A dielectric filter device comprising a dielectric block
generally in the form of a rectangular parallelepiped and
having a plurality of hollow bores formed therein and
openings of the bores in an upper surface of the block,
electrically conductive layers respectively covering a lower
surface opposed to the upper surface, an outer peripheral
side surface parallel to axes of the bores, inner peripheral
surfaces defining the respective bores and the upper surface
around the bore openings, and a plurality of electrodes
separate from the conductive layers for connection to exter-
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nal devices, the filter device being characterized in that first
bore opening portions are arranged between the first elec-
trode formed on the upper surface or side surface of the
block and the second electrode formed on the upper surface
thereof to provide a filter for passing a predetermined
frequency band, second bore opening portions being
arranged between the second electrode and the side surface
of the block.

2. A dielectric filter device according to claim 1 wherein
the second bore opening portions are arranged perpendicular
to the direction of arrangement of the first bore opening
portions.

3. A dielectric filter device comprising a dielectric block
generally in the form of a rectangular parallelepiped and
having a plurality of hollow bores formed therein and
openings of the bores in an upper surface of the block:,
electrically conductive layers respectively covering a lower
surface opposed to the upper surface, an outer peripheral
side surface parallel to axes of the bores, inner peripheral
surfaces defining the respective bores and the upper surface
around the bore openings, and a plurality of electrodes
separate from the conductive layers for connection to exter-
nal devices, the filter device being characterized in that first
bore opening portions are arranged between the first elec-
trode formed on the upper surface or side surface of the
block and the second electrode formed on the upper surface
thereof to provide a first filter for passing a predetermined
first frequency band, second bore opening portions being
arranged between the first electrode and the third electrode
formed on the upper surface to provide a second filter for
passing a predetermined second frequency band, third bore
opening portions being arranged on the upper surface of the
block between the second electrode and the outer peripheral
side surface of the block, and/or fourth bore opening por-
tions being arranged between the third electrode and the side
surface of the block.

4. A dielectric filter device according to claim 3 wherein
the first and second bore opening portions are arranged on a
straight line, and the third bore opening portions and/or the
fourth bore opening portions are arranged perpendicular to
the direction of arrangement of the first and second bore
opening portions.



